Organic compounds such as phenol and cresols may be found in industrial wastewater along with other organics and are difficult to be economically removed down to concentrations below environmentally permissible limits. By circulating a wastewater through an electrolytic reactor with a stack of porous solid anodes and cathodes, it has been demonstrated that it is feasible to electrochemically oxidize phenolic compounds in the presence of other organic molecules. A porous solid DSA Ò -type titanium anode coated with several mixed oxide layers was used as the active material. At low applied current densities, phenol and cresol concentrations were reduced from 5000 ppb to below 20 ppb. The influence of the flow rate and electrodes number was also studied and it was demonstrated that the current density was the main factor to be considered. This work confirms the hypotheses of other authors on the reaction mechanisms involved during the electrochemical oxidation of cresol and phenol.
Introduction
Environmental regulations of the Province of Quebec forbid the release of effluent in water if the phenol, o-cresol and p-cresol concentrations are above 20, 38 and 6.2 ppb respectively [1] at 6 < pH < 9.5 [2] . Some industrial effluents may contain more than 5000 ppb of phenolic compounds that are found together with other organic species. Several non-electrolytic processes for phenol decontamination already have been explored: enzyme catalysed oxidation [3] , photocatalysis [4, 5] , bacteria seeding (anaerobic process) [6] , chemical oxidation (H 2 O 2 or O 3 ) [7] as well as the use of polymeric adsorbents [8] . All these methods have some advantages and drawbacks such as material cost or equipment size limitation when large volumes of water need to be treated. Electrochemical oxidation methods used alone or coupled with other treatment techniques can be more economically viable as well as more efficient for the treatment of phenols [9] [10] [11] [12] [13] .
This paper describes a promising new electrochemical method to destroy phenolic compounds [14] by treating wastewater with only two pre-treatment steps: pH adjustment and filtration. The contaminated solution was circulated into a flow-through electrolytic reactor fitted with porous DSA Ò -type anodes to oxidize organic compounds such as phenol and cresols. The use of porous DSA Ò -type anodes led to the decontamination of wastewater containing the above-mentioned pollutants, despite the fact that these substances were found among many other organic compounds. Both high mass transport, self promoted by the porous structure of the electrodes, and high electrode surface area were expected to increase oxidation rates. Additionally, the effects of current density, flow rate, number of electrodes and longterm electrolysis upon oxidation efficiency were studied. Finally, this work confirms the hypotheses of other authors on the reaction mechanisms involved during the electrochemical oxidation of cresol and phenol.
Experimental

Solution analysis and pre-treatment
A Horiba chemical analyser evaluated the total organic content (TOC) of the raw wastewater. As far as the pretreatment steps were concerned, the pH was adjusted using a 1 M NaOH solution, while, to remove solid particles, the wastewater was decanted and filtered using a ''42 Whatman'' filter paper. The solid obtained after filtration was analysed by X-ray energy dispersion spectrometry using a JEOL 1400 SEM. Phenol and o-, m-and p-cresol concentrations were determined using a GC/MS SIM apparatus. The pH of the solution was evaluated using an Orion pH-meter Model 710A whilst the conductivity was measured before and after the adjustment of the solution pH using a Radiometer Copenhagen CDM 83 system.
Electrode materials
The anode substrate, produced by AstroMet, consisted of a spongy titanium structure having the following characteristics: 20-ppi (pores per linear inch), 3 cm in diameter, 0.5 cm thick and a 14 cm 2 /cm 3 real surface area that represented a total available surface area of 35.45 cm 2 for each electrode. All the current densities were calculated according to this surface area. Prior to the coating steps, titanium foams were solvent degreased followed by etching in boiling concentrated hydrochloric acid during 3 min; subsequently, they were thoroughly rinsed and coated with a DSA Ò -type material using the thermal decomposition technique [15] . The porous titanium substrates were covered with four layers of antimony-doped tin oxide over two layers of iridium dioxide according to the method described in [16] . Foams were immersed in a 4% (w/w) IrCl 4 solution of ethanol followed by two heat treatments first at 80°C for 10 min in an air-circulating oven and then at 500°C for 30 min in a furnace; the furnace was then shut down and allowed to cool slowly prior to electrode removal. These steps were repeated one more time to produce two IrO 2 layers. Electrodes were then immersed in an isopropanol solution (20% SnCl 4 AE 5H 2 O and 0.2% SbCl 3 ) and heat-treated according the above-mentioned two heating steps. To ensure that the electrode material in contact with the wastewater was tin dioxide, four layers of antimonydoped tin dioxide were deposited [15] . The spongy nickel cathode material, made by AstroMet, had the same dimensions and porous structure as the abovementioned titanium anode substrates.
Electrochemical reactor
The flow-through single unit reactor consisted of a 4-cm diameter Lucite tube with two inlet and outlet plugs fitted at each end where tubing was mounted, see Figure 1 . A peristaltic pump providing constant flow rates of 1.7 or 8.2 l min )1 was used in a closed-loop circulation fashion while the wastewater was kept in a 3-litre beaker. The outlet plug had an internal funnel shape to avoid liquid flow-back. Each 3-D electrode (3 anodes and 4 cathodes) was mounted between two Lucite disk holders and placed in a slot perpendicular to the liquid flow. The electrical connections consisted of spot-welded titanium wires for the anodes and nickel wires for the cathodes and were fitted across the tube through small holes sealed with epoxy glue. In order to double the number of electrodes, two single unit reactors were linked together in series.
Results and discussion
Solution analysis and pre-treatment
An industrial wastewater having a TOC level of about 5000 ppm constituted the raw solution to be studied. The total concentration level of o-, m-, p-cresol and phenol was found to be around 3500 ppb while the pH was equal to 5.5 ± 0.5. Since this pH value was not within the acceptable environmental limits [2], it was adjusted to 8.0. As a consequence of this treatment, precipitation of greenish brown particles occurred. The solid formed, representing roughly 0.4% w/v, was filtered and analysed by X-ray energy dispersion spectrometry. The filtrate was mainly composed of 80-85% of inorganic species such as Fe 2 O 3 , SiO 2 and traces of aluminium and manganese oxides. The filtration step was necessary in order to avoid electrode plugging during electrolysis.
Anode characterisation
The main objective of the present study was to oxidize phenol and cresol compounds using a flow-through system that can lead to high self-turbulent hydrodynamic conditions and provided a large active surface 
